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the manipulation input of the mater manipulation unit when
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1
MANIPULATOR SYSTEM

This application is a continuation application based on a
PCT Patent Application No. PCT/JP2012/070417, filed on
Aug. 3, 2012, whose priority is claimed on Japanese Patent
Application No. 2012-116740, filed on May 22, 2012, and
U.S. Provisional Patent Application No. 61/515,203, filed
Aug. 4, 2011. The contents of all of the PCT Application, the
Japanese Application, and the U.S. Provisional Patent Appli-
cation are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a manipulator system, and
more particularly, to a master-slave type medical manipulator
system.

BACKGROUND ART

In the past, master-slave type manipulator systems have
been known as medical manipulators that support surgical
operations. The medical manipulators according to the
related art include a master grip (master manipulation unit)
that manipulates and inputs an operation of a tool (slave
motion unit) mounted on a slave manipulator and used for a
surgical operation. In a medical manipulator, a movement of
amaster grip is transmitted to a tool when a surgeon who is an
operator manipulates the master grip. Forcipes, needle hold-
ers, and the like are used as the tools to which a movement of
the master grip is transmitted.

For example, as a manipulator system according to the
related art, a medical robot system is disclosed in U.S. Pat.
No. 7,778,733. In the medical robot system, opening and
closing operations of an end effector are controlled by open-
ing and closing an input handle.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, a
manipulator system includes a master manipulation unit, a
slave motion unit, an interlock control unit, and an interlock
permission input unit. An operator performs a manipulation
input using the master manipulation unit. The slave motion
unit is configured to operate in accordance with the manipu-
lation input. The interlock control unit analyzes the manipu-
lation input and performs control to operate the slave motion
unit, interlocking with the manipulation input. The interlock
permission input unit is able to be manipulated by the opera-
tor and transmits, to the interlock control unit, an interlock
permission mode signal used to enter a mode in which inter-
lock of the slave motion unit is permitted based on the
manipulation input of the mater manipulation unit when the
operator manipulates the interlock permission input unit. The
interlock control unit stops the interlock control when the
operation of the slave motion unit is deviated from an opera-
tion corresponding to the manipulation input, and monitors
the manipulation input of the master manipulation unit and an
operation state of the slave motion unit. The interlock control
unit interlocks the operation of the slave motion unit with the
operation corresponding to the manipulation input after the
interlock control unit receives the interlock permission mode
signal, when detects that the manipulation input matches the
operation state.

According to a second aspect of the present invention, in
the manipulator system according to the first aspect of the
present invention, the master manipulation unit of the
manipulator system may include a manipulation member and
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2

amaster angle detection unit. The manipulation member may
be provided to be opened and closed in order to perform the
manipulation input. The master angle detection unit may
detect an opening and closing angle of the manipulation
member and transmits a detection value of the opening and
closing angle of the manipulation member to the interlock
control unit. The slave motion unit may include an opening
and closing motion unit and a slave angle detection unit. The
opening and closing motion unit may be provided to be
opened and closed. The slave angle detection unit may detect
an opening and closing angle of the opening and closing
motion unit and transmits a detection value of the opening and
closing angle of the opening and closing motion unit to the
interlock control unit. The interlock control unit may inter-
lock the slave motion unit with an operation corresponding to
the manipulation input after the interlock control unit receives
the interlock permission mode signal, when the detection
value of the opening and closing angle of the manipulation
member corresponds to the detection value of the opening and
closing angle of the opening and closing motion unit, as well
as when the detection value of the opening and closing angle
of'the manipulation member is changed in a closing direction
of the manipulation member.

According to a third aspect of the present invention, the
manipulation system according to the first or second aspect of
the present invention may include an information display
unit. The information display unit may display information
transmitted from the interlock control unit. The interlock
control unit may display restart of interlock on the informa-
tion display unit after the interlock control unit receives the
interlock permission mode signal, when the interlock control
unit detects that the slave motion unit may interlock with the
operation corresponding to the manipulation input.

According to a fourth aspect of the present invention, in the
manipulation system according to the second or third aspect,
the interlock permission input unit may be configured by a
position detection switch that detects that the manipulation
member is moved to a maximum opening position and gen-
erates the interlock permission mode signal.

According to a fifth aspect of the present invention, in the
manipulation system according to the second or third aspect,
the interlock permission input unit may be configured by an
input switch provided on a surface of the master manipulation
unit.

According to a sixth aspect of the present invention, in the
manipulation system according to the second or third aspect,
the interlock permission input unit may be configured by an
input switch that is provided separately from the master
manipulation unit.

According to a seventh aspect of the present invention, in
the manipulation system according to the sixth aspect, the
input switch may be configured by a footswitch.

According to an eighth aspect of the present invention, in
the manipulation system according to any one of the first to
seventh aspects, the master manipulation unit may include a
manipulation member and a master angle detection unit. The
manipulation member may be provided to be opened and
closed in order to perform the manipulation input. The master
angle detection unit may detect an opening and closing angle
of'the manipulation member and transmit a detection value of
the opening and closing angle of the manipulation member to
the interlock control unit. The slave motion unit may include
an opening and closing motion unit and a slave angle detec-
tion unit. The opening and closing motion unit may be pro-
vided to be opened and closed. The slave angle detection unit
may detect an opening and closing angle of the opening and
closing motion unit and may transmit a detection value of the
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opening and closing angle of the opening and closing motion
unit to the interlock control unit. The interlock control unit
may interlock the slave motion unit with an operation corre-
sponding to the manipulation input after the interlock control
unit receives the interlock permission mode signal, when the
detection value of the opening and closing angle of the
manipulation member corresponds to the detection value of
the opening and closing angle of the opening and closing
motion unit, as well as when the detection value of the open-
ing and closing angle of the manipulation member is changed
in an opening direction of the manipulation member.
According to a ninth aspect of the present invention, in the
manipulation system according to any one of the first to
seventh aspects, the master manipulation unit may include a
manipulation member and a master angle detection unit. The
manipulation member may be provided to be opened and
closed in order to perform the manipulation input. The master
angle detection unit may detect an opening and closing angle
of'the manipulation member and transmit a detection value of
the opening and closing angle of the manipulation member to
the interlock control unit. The slave motion unit may include
an opening and closing motion unit and a slave angle detec-
tion unit. The opening and closing motion unit may be pro-
vided to be opened and closed. The slave angle detection unit
may detect an opening and closing angle of the opening and
closing motion unit and transmit a detection value of the
opening and closing angle of the opening and closing motion
unit to the interlock control unit. The interlock control unit
may be configured to interlock the slave motion unit with an
operation corresponding to the manipulation input after the
interlock control unit receives the interlock permission mode
signal, when the detection value of the opening and closing
angle of the manipulation member corresponds to the detec-
tion value of the opening and closing angle of the opening and
closing motion unit, as well as when the detection value of the
opening and closing angle of the manipulation member is
changed in an opening or closing direction of the manipula-
tion member. The interlock control unit may be configured to
select the interlock of the case in which the detection value is
changed in the opening direction or the interlock of the case in
which the detection value is changed in the closing direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view illustrating the
overall configuration of a manipulator system according to an
embodiment of the present invention.

FIG. 2 is a schematic perspective view illustrating another
master manipulation unit included in the manipulator system
in FIG. 1.

FIG. 3 is a schematic system configuration diagram illus-
trating a system configuration of main units of the manipula-
tor system according to the embodiment of the present inven-
tion.

FIG. 4 is a graph schematically illustrating an example of
an operation of the manipulator system according to the
embodiment of the present invention.

FIG. 5A1 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.

FIG. 5A2 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.

FIG. 5B1 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.
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FIG. 5B2 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.

FIG. 5C1 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.

FIG. 5C2 is a diagram illustrating the operation of the
manipulator system according to the embodiment of the
present invention.

FIG. 6A1 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 6A2 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 6B1 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 6B2 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 6C1 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 6C2 is a diagram illustrating the operation of the
manipulator system continued from FIGS. 5A1 to 5C2
according to the embodiment of the present invention.

FIG. 7A is a schematic diagram illustrating an example of
a display screen of the manipulator system according to the
embodiment of the present invention.

FIG. 7B is a schematic diagram illustrating an example of
a display screen of the manipulator system according to the
embodiment of the present invention.

FIG. 7C is a schematic diagram illustrating an example of
a display screen of the manipulator system according to the
embodiment of the present invention.

FIG. 8 is a schematic sectional view illustrating a master
manipulation unit of a manipulator system according to a first
modified example of the embodiment of the present inven-
tion.

FIG. 9 is a schematic diagram illustrating main units of a
manipulator system according to a second modified example
of the embodiment of the present invention.

FIG. 10 is a schematic perspective view illustrating main
units of a manipulator system according to a third modified
example of the embodiment of the present invention.

FIG. 11 is a schematic sectional view illustrating a master
manipulation unit of a manipulator system according to a
fourth modified example of the embodiment of the present
invention.

FIG. 12A is a schematic diagram illustrating the configu-
ration of a spring of a master manipulation unit of a modified
example (fifth modified example) applicable to the embodi-
ment and each modified example of the present invention.

FIG. 12B is a schematic diagram illustrating the configu-
ration of the spring of the master manipulation unit of a
modified example (fifth modified example) applicable to the
embodiment and each modified example of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the drawings.

First, a manipulator system according to the embodiment
will be described.
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FIG. 1 is a schematic perspective view illustrating the
overall configuration of the manipulator system according to
this embodiment. FIG. 2 is a schematic perspective view
illustrating another master manipulation unit included in the
manipulator system in FIG. 1. FIG. 3 is a schematic diagram
illustrating the configuration of main units of the manipulator
system according to the embodiment of the present invention.

As shown in FIG. 1 (some portions are shown in FIGS. 2
and 3), a master-slave manipulator 500 (manipulator system)
according to this embodiment is, for example, a medical
manipulator that is used to perform a surgical operation. The
master-slave manipulator 500 includes a slave manipulator
300 and a manipulation input device 100. The manipulation
input device 100 receives a manipulation input from an opera-
tor Op and remotely manipulates an operation of the slave
manipulator 300.

The slave manipulator 300 includes a treatment tool 302, a
slave arm 301, a slave control unit 303, and a holding body
304. The slave arm 301 movably holds the treatment tool 302
in periphery of a patient P. The slave control unit 303 controls
operations of movable units ofthe treatment 302 and the slave
arm 301. The holding body 304 holds the treatment tool 302
and the slave arm 301.

In FIG. 1, which is a schematic diagram, for example, the
single treatment tool 302 and the single slave arm 301 are
installed. However, a plurality of treatment tools 302 and a
plurality of slave arms 301 may be installed. When the plu-
rality of treatment tools 302 and the plurality of slave arms
301 are installed, the operator Op can select two thereof and
simultaneously manipulate the two with right and left hands
of the operator Op.

Some of the signals in the functional block diagram are not
illustrated.

Various surgical instruments or treatment tools used for
surgical operations may be used as the treatment tool 302.
Hereinafter, for example, the treatment tool 302 including an
opening and closing unit 311 (a slave motion unit or an
opening and closing motion unit) and an opening and closing
driving unit 313 as in FIG. 3 will be described. The opening
and closing unit 311 is installed at the distal end (which is an
end facing a body cavity of the patient P) of a shaft-like unit
312 and performs opening and closing operations. The open-
ing and closing driving unit 313 opens and closes the opening
and closing unit 311.

Examples of the treatment tool 302 include forcipes and
needle holders.

The opening and closing unit 311 includes a pair of treat-
ment tool pieces 3115. The pair of treatment tool pieces 3115
performs opening and closing about a rotation shaft 311cina
bilaterally symmetrical manner with respect to an opening
and closing central axial line O; ;.

In FIG. 3, the opening and closing central axial line O,
aligns with the central axial line of the shaft-like unit 312.
However, the opening and closing unit 311 may be connected
to the shaft-like unit 312 via a joint (not shown). In this case,
the opening and closing central axial line O;;; may be
inclined with respect to the central axial line of the shaft-like
unit 312.

Hereinafter, an angle 6 is used as an opening and closing
angle of the opening and closing unit 311. The angle 0 is an
angle formed by the opening and closing central axial line
05, and a gripping surface 311a of the treatment tool piece
3115. That is, the angle 0 is half of the angle formed by each
gripping surface 311a.

10

15

20

25

30

35

40

45

50

55

60

65

6

Therefore, when the treatment tool piece 3115 is moved in
an opening direction, the angle 0 increases. When the treat-
ment tool piece 3115 is moved in a closing direction, the angle
0 decreases.

However, this definition of the opening and closing angle is
merely an example. For another example, an angle 26 ; which
is an angle formed by the gripping surfaces 311a may be used.

An operation of the opening and closing driving unit 313 is
controlled by a driving signal 313 that is transmitted from
the slave control unit 303 based on a driving command value
403 transmitted from a control unit 400. Therefore, the open-
ing and closing driving unit 313 is electrically connected to
the control unit 400 via the slave control unit 303 to be
described below.

The opening and closing driving unit 313 can be configured
appropriately using an actuator that opens and closes the
opening and closing unit 311.

The opening and closing driving unit 313 includes an
encoder 314 (slave angle detection unit) that detects the open-
ing and closing angle of the opening and closing driving unit
313.

The encoder 314 is configured to generate an output signal
314a corresponding to the detected opening and closing angle
and transmit the generated output signal 314a to the slave
control unit 303.

The configuration of the encoder 314 is not particularly
limited. For example, a rotary encoder that directly detects the
amount of rotation of the opening and closing unit 311 may be
used. The encoder 314 may be configured as a linear encoder
that detects the amount of movement of a linear movement
member, which interlocks with opening and closing opera-
tions of the opening and closing unit 311, or may be config-
ured as a rotary encoder that detects an amount of movement
by converting an amount of linear movement into an amount
of rotary movement.

The encoder 314 may be an absolute type encoder or an
increment type encoder.

When the increment type encoder is used, an appropriate
position correction means is provided. The position correc-
tion means monitors whether the treatment tool piece 3115
reaches a given correction position. In the case of the incre-
ment type encoder, the output signal 3144 of the encoder 314
is preferably reset when the treatment tool piece 3115 reaches
the correction position. In this configuration, the output signal
314a can be corrected whenever the treatment tool piece 3115
passes through the correction position. Therefore, even the
increment type encoder can accurately detect the opening and
closing angle of the opening and closing unit 311.

The slave arm 301 is configured as a multi joint arm that
holds the treatment tool 302 at an appropriate position and an
appropriate orientation. The slave arm 301 is electrically
connected to the slave control unit 303, and thus an operation
of'the slave arm 301 is controlled by a control signal from the
slave control unit 303.

As shown in FIG. 1, the slave control unit 303 controls the
slave manipulator 300 based on a control signal from a
manipulator control unit 402 to be described below. The slave
control unit 303 transmits information on the position of each
movable unit transmitted from the slave manipulator 300, a
detection signal necessary for control, or the like to the
manipulator control unit 402. Therefore, the slave control unit
303 is electrically connected to the manipulator control unit
402 of the control unit 400 to be described below and each
movable unit of the slave manipulator 300.

For example, the slave control unit 303 transmits the driv-
ing signal 313a used to open or close the opening and closing
unit 311 to the opening and closing unit 311 of the treatment
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tool 302 based on the driving command value 403 and con-
trols the opening and closing operations.

The slave control unit 303 acquires the output signal 314a
from the encoder 314 and transmits the acquired output signal
314a to the manipulator control unit 402.

As shown in FIG. 1, the manipulation input device 100
includes a master input section 200 and the control unit 400
(interlock control unit).

The master input section 200 functions as a master that
delivers an operation from the operator Op to the slave
manipulator 300. The master input section 200 includes a
display unit 201 (information display unit), a master arm 202,
and master grips 2031 and 203R (master manipulation unit).

The display unit 201 is electrically connected to a camera
(not shown) and the control unit 400. The display unit 201
displays information from the camera or the control unit 400
so that the operator Op can view the information.

Examples of kinds of information displayed by the display
unit 201 include a video of surgical parts and the vicinity of
the surgical parts of the patient P photographed by the camera,
a manipulation input screen regarding a manipulation input
performed by input means (not shown) such as a footswitch,
various kinds of information on the operator Op, guidance,
and characters or images of warning messages.

The master arm 202 delivers, to the slave manipulator 300,
manipulation performed to manipulate the position and ori-
entation of the slave arm 301 of the slave manipulator 300 by
the operator Op. The master arm 202 is connected to commu-
nicate with the control unit 400.

For example, the master arm 202 according to this embodi-
ment includes two multi joint arms, that is, a multi joint arm
202L (see FIG. 1) and a multi joint arm 202R (see FIG. 2.) of
which an arm proximal end 2025 is connected to a fixed
position of a lower unit of the display unit 201 inside the
master input section 200.

The multi joint arms 2021 and 202R are disposed on the
front side of the display unit 201 so that the operator Op can
perform manipulation while viewing the display unit 201.

The multi joint arms 2021, and 202R correspond to
manipulation inputs performed with the left and right hands
of the operator Op, respectively.

Master grips 2031 and 203R gripped to perform a manipu-
lation input by the operator Op are installed in the arm distal
end 2024 of the multi joint arms 2021 and 202R on the side of
the operator Op.

The multi joint arms 2021 and 202R each include an
encoder that detects an amount of operation of a joint for each
joint and transmit the output of each encoder as a manipula-
tion signal of each joint to the control unit 400.

The operator Op manipulates the master grips 2031 and
203R with his or her left and right hands to perform a manipu-
lation input on the slave arm 301 corresponding to the multi
joint arms 2021 and 202R and the treatment tool 302 installed
in the slave arm 301.

The master grips 2031 and 203R can be provided in a
bilaterally symmetrical shape so that the operator Op can
easily grip or manipulate the master grips 2031 and 203R
with his or her left and right hands. Hereinafter, the master
grips 2031 and 203R configured as master grips 1 (see FIG. 3)
with the same shape will be described.

As shown in the schematic diagram of FIG. 3, the master
grip 1 includes a grip unit 1a, a casing unit 14, manipulation
handles 15 (manipulation member), a spring 3, an encoder 4
(master angle detection unit), and a position detection switch
6 (interlock permission input unit).
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FIG. 3 is a plan view when viewed from A of FIG. 2.
However, since the master grip 1 is schematically illustrated
in FIG. 3, for example, the casing unit 14 shown in FIG. 2 is
not illustrated.

The grip unit 1a has a cylindrical shape gripped by one
hand of the operator Op, as shown in FIG. 2. The grip unit 1a
includes the casing unit 14 extending toward the arm distal
end 2024 at one end thereof.

The distal end of the casing unit 14 is connected to the arm
distal end 202a4.

At the end of the grip unit 1a, a pair of manipulation
handles 15 are movably held with the casing unit 14 inter-
posed therebetween. In the grip unit 1a, the manipulation
handles 15 are opened in a V shape so that the opening and
closing angle can be changed.

In this embodiment, as shown in FIG. 3, the end of each
manipulation handle 15 is rotatably held by a rotation shaft 1¢
installed inside the grip unit 1a.

Each manipulation handle 15 has an appropriate shape
such as a bar shape or a plate shape, as long as the fingers of
the operator Op can lock with the manipulation handle 15 to
perform opening and closing operations. For example, a con-
cavo-convex unit may be formed so that a gripping position
for the operator Op can be identified. Although not illustrated,
the manipulation handle 15 may be configured to easily fol-
low a movement of the fingers of the operator Op. For
example, protrusion units with which the fingers performing
manipulation lock in the opening and closing directions or
finger insertion units in which the fingers are inserted may be
formed.

The spring 3 is a spring member that biases the pair of
manipulation handles 15 in the opening direction. The spring
3 is mounted between the manipulation handles 15 at a posi-
tion on the side of the distal end (the end opposite to the
gripping unit 1a) of the manipulation handles 1.

However, neither a kind of spring 3 nor the mounting
position of the spring 3 mounted between the manipulation
handles 15 is particularly limited, as long as the manipulation
handles 15 are biased in the opening direction. In FIG. 3, for
example, both ends of a helical compression spring are
mounted on the side surfaces of the manipulation handles 15
facing each other.

The length of the spring 3 is set to a constant value deter-
mined so that the opening and closing angle of the manipu-
lation handles 15 is smaller than the maximum opening and
closing angle when manipulation is not performed.

In this configuration, when no outside force is applied to
the manipulation handles 15 (hereinafter, this state is referred
to as a natural state), the master grip 1 is configured to be
opened in the V shape at the constant opening and closing
angle by the biasing force of the spring 3, as indicated by a
solid line in FIG. 3.

When the operator Op grips the grip unit 1a with his or her
hand, for example, when the operator Op grips the manipu-
lation handles 15 with his or her thumb and forefinger and
moves the manipulation handles 15, the manipulation handles
15 are rotated about the rotation shaft 1¢ and the opening and
closing angle is thus changed.

Hereinafter, an angle 6,,1s used as the opening and closing
angle of the manipulation handles 15 of the master grip 1. The
angle 0,, is an angle that is formed by the opening and closing
central axial line O, and the manipulation handle 15. That is,
the angle 6,,1s half of the angle formed by the manipulation
handles 15.

However, this definition of the opening and closing angle is
merely an example. For example, an angle 20 which is an
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angle formed by the manipulation surfaces 311a may be used
as the opening and closing angle.

Thus, when the manipulation handles 15 are opened or
closed, the reactive force from the spring 3 is generated in
accordance with the expansion or contraction degree of the
spring 3. Therefore, the operator Op feels a manipulation
resistance. For example, when the manipulation handles 14
are gradually closed, the manipulation resistance increases
with a decrease in the opening and closing angle. Therefore,
when the operator Op manipulates the pair of manipulation
handles 15, the operator Op can have the sense of gripping an
actual grip object.

In this embodiment, the operator Op can manipulate the
manipulation handles 15 to further open the manipulation
handles 15 from the natural state. Hereinafter, the angle 0,
is referred to as the maximum opening and closing angle.

In the manipulation performed to further open the manipu-
lation handles 16 from the natural state, the manipulation
resistance is generated due to an elastic restoring force of the
tension of the spring 3. The manipulation resistance
increases, as the opening and closing angle approaches the
maximum opening and closing angle.

The encoder 4 detects the opening and closing angle ofthe
manipulation handles 15 and transmits a detection value cor-
responding to the opening and closing angle as an output
signal 4a to the control unit 400. In this embodiment, the
encoder 41is provided inside the grip unit 1a and is electrically
connected to the control unit 400.

In this embodiment, a rotary encoder that directly detects
an amount of rotation of the manipulation handles 15 is used
as the encoder 4. However, the encoder 4 may be configured
as a linear encoder that detects the amount of movement of a
linear movement member, which interlocks with opening and
closing operations of the manipulation handles 15, or may be
configured as a rotary encoder that detects an amount of
movement by converting an amount of linear movement into
an amount of rotary movement.

The encoder 4 may be an absolute type encoder or an
increment type encoder.

When the increment type encoder is used, appropriate posi-
tion correction means is provided. The position correction
means monitors whether the manipulation handles 15 reach
given correction positions. In the case of the increment type
encoder, the output signal 4a of the encoder 4 is preferably
reset when the manipulation handles 15 reach the correction
position. In this configuration, the output signal 4a can be
corrected whenever the manipulation handles 15 pass through
the correction position. Therefore, even the increment type
encoder can accurately detect the opening and closing angle
of the manipulation handles 15.

The position detection switch 6 is a position detector that
detects that the manipulation handles 15 are opened up to the
maximum opening and closing angle by detecting the posi-
tion of one of the manipulation handles 15, generates an
interlock permission mode signal 6a, and transmits the inter-
lock permission mode signal 64 to the control unit 400. The
position detection switch 6 is electrically connected to the
control unit 400.

The interlock permission mode signal 6a is used to enter a
mode (hereinafter referred to as an interlock permission
mode) in which the control unit 400 permits the interlock of
the opening and closing unit 311 based on a manipulation
input of the master grip 1.

Examples of the kinds of position detection switch 6
include a contact switch detecting that an object mechanically
comes into contact with the manipulation handles 15, a posi-
tion detection sensor that electrically, magnetically, or opti-
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cally detects the movement positions of the manipulation
handles 15, and a speed detection sensor.

In this embodiment, the position detection switch 6 is
mounted on a holding arm member 5, of which an end is fixed
to the grip unit 14, to face one of the manipulation handles 15
in the opening direction when the manipulation handles 15
are opened to the maximum angle.

The holding arm member 5 extends from the grip unit 1a so
that the holding arm member 5 faces one of the manipulation
handles 15 opened by the maximum angle, as indicated by a
two-dot chain line in FIG. 3, on the opposite side to the
opening and closing central axial line O, .

The control unit 400 includes a master control unit 401 and
the manipulator control unit 402, as shown in FIG. 1, as the
functional configuration.

The master control unit 401 receives a signal transmitted
from the master input section 200 and analyzes an amount of
driving of a movable unit to be controlled by the slave
manipulator 300 to perform an operation based on the signal.
The master control unit 401 transmits a movable unit selec-
tion signal 404 and a driving command value 403 for a mov-
able unit selected by the movable unit selection signal 404 to
the manipulator control unit 402.

Here, the movable unit selection signal 404 is indepen-
dently allocated to each movable unit such as a joint of the
slave arm 301 and the opening and closing unit 311 of the
treatment tool 302 held by the slave arm 301.

The master control unit 401 analyzes a signal from each
joint of the master arm 202 and calculates the positions and
orientations of the master grips 2031 and 203R. As a result,
the master control unit 401 can generate the driving command
value 403 of each movable unit of the slave arm 301 necessary
to control the position and orientation of the distal end of the
treatment tool 302 held by the slave arm 301. The driving
command value 403 is transmitted to the slave control unit
303 together with the movable unit selection signal 404 cor-
responding to each movable unit.

The master control unit 401 can also generate the driving
command value 403 to be transmitted to the opening and
closing unit 311 based on the output signal 4a from the
encoders 4 corresponding to the master grips 2031 and 203R
to the master control unit 401, and then can transmit the
generated driving command value 403 to the manipulator
control unit 402. The driving command value 403 is specifi-
cally referred to as an opening and closing command value
403A.

A correspondence relation between the output signal 4a
and the opening and closing command value 403 A is stored
as, for example, a table or conversion expression data in a
storage unit (not shown) of the master control unit 401. The
correspondence relation can be set as necessary.

For example, the correspondence relation in which the
opening and closing angle 6,,0f the manipulation handles 15
coincides with the opening and closing angle 0 of the open-
ing and closing unit 311 may be established. The correspon-
dence relation between the opening and closing angle 0, ,and
the opening and closing angle 85 may be linear at an appro-
priate ratio. The correspondence relation between the open-
ing and closing angle 6,,and the opening and closing angle 6 ¢
may not be linear.

The master control unit 401 is configured to selectively
switch between an “interlock mode” and an “interlock stop
mode” by transmitting the control signal 405 to the manipu-
lator control unit 402.

Here, the “interlock mode” is a mode in which the opening
and closing command value 403 A is transmitted to the slave
control unit 303 by performing communication between the
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manipulator control unit 402 and the slave control unit 303
and an operation of the opening and closing unit 311 is inter-
locked with an operation based on the opening and closing
command value 403A.

Further, the “interlock stop mode” is a mode in which the
transmission of the opening and closing command value
403A to the slave control unit 303 is stopped by stopping the
communication between the manipulator control unit 402 and
the slave control unit 303, and thus the interlock operation
based on the opening and closing command value 403A is
stopped.

However, in the interlock stop mode, the output signal
314a continues to be transmitted from the encoder 314. The
output signal 314a continues to be transmitted to the master
controlunit 401 viathe slave control unit 303 and the manipu-
lator control unit 402.

The interlock mode starts after the master control unit 401
receives the interlock permission mode signal 6a, and when
the opening and closing angle of the manipulation handles 15
detected by the output signal 4a corresponds to the opening
and closing angle of the opening and closing unit 311 detected
by the output signal 3144, also when the opening and closing
angle of the manipulation handles 15 detected by the output
signal 4a is changed in the closing direction of the manipu-
lation handles 15.

Here, the “correspondence” between the opening and clos-
ing angle of the manipulation handles 15 and the opening and
closing angle of the opening and closing unit 311 means that
the opening and closing angle indicated by the opening and
closing command value 403 A generated from the output sig-
nal 4a coincides with the opening and closing angle of the
opening and closing unit 311 detected by the output signal
314a based on the preset correspondence. That is, when the
correspondence relation is expressed by a function f, a rela-
tion of “0,~1(0,,)” is satisfied.

When such a correspondence relation is satisfied, the
manipulation input of the manipulation handles 15 matches
the operation state of the opening and closing unit 311 based
on the correspondence relation.

In the interlock stop mode, the master control unit 401
starts transmitting the control signal 405 to the manipulator
controlunit 402 when an operation of the opening and closing
unit 311 is deviated from the operation based on the opening
and closing command value 403A by a value equal to or
greater than an allowance value.

Therefore, the master control unit 401 acquires the output
signal 314a transmitted from the encoder 314 via the slave
control unit 303 and the manipulator control unit 402 and
monitors whether the opening and closing unit 311 interlocks
in accordance with the opening and closing command value
403A.

The manipulator control unit 402 communicates with each
movable unit of the slave manipulator 300 selected by the
movable unit selection signal 404 via the slave control unit
303 and controls an operation of each movable unit in order to
execute the operation based on the driving command value
403 transmitted from the master control unit 401.

In particular, the manipulator control unit 402 transmits the
opening and closing command value 403 A to the slave con-
trol unit 303 until the mode is switched to the interlock stop
mode by the control signal 405. Thus, the slave control unit
303 controls the opening and closing operations of the open-
ing and closing unit 311 in accordance with the opening and
closing operations corresponding to the manipulation input of
the master grip 1.

When the interlock mode is switched to the interlock stop
mode by the control signal 405, the transmission of the open-
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ing and closing command value 403 A is stopped. Therefore,
the operation of the opening and closing unit 311 is not
controlled until the interlock stop mode is switched to the
interlock mode by the control signal 405.

The control unit 400 has a device configuration of a com-
puter that includes a CPU, a memory, an input and output
interface, and an external storage device. A control program
executing the above-described control functions is configured
by the computer.

Next, an operation of the master-slave manipulator 500
according to this embodiment will be described focusing on
the control operation of the opening and closing unit 311
performed by the master grip 1.

FIG. 4 is a graph schematically illustrating an example of
an operation of the manipulator system according to this
embodiment of the present invention. In FIG. 4, the horizontal
axis represents a time t. In FIG. 4, the vertical axis represents
an encoder output 0. FIGS. 5A1 to 5C2 are diagrams illus-
trating the operation of the manipulator system according to
this embodiment of the present invention. FIGS. 6A1 to 6C2
are diagrams illustrating the operation of the manipulator
system continued from FIGS. 5A1 to 5C2 according to this
embodiment of the present invention. In FIGS. 5A1 to 6C2,
Al, B1, and C1 indicate the operation of the master manipu-
lator unit. In FIGS. 5A1 to 6C2, A2, B2, and C2 indicate the
operation of the opening and closing unit 311. FIGS. 7A to 7C
are schematic diagrams illustrating examples of display
screens of the manipulator system according to the embodi-
ment of the present invention.

First, a normal operation of the master-slave manipulator
500 will be simply described.

In the master-slave manipulator 500, as shown in FIG. 1,
the operator Op gripping the master grips 2031 and 203R is
able to perform manipulation to change the positions or ori-
entations of the master grips 203L and 203R while viewing
the display unit 201. Then, the output signal of the encoder
from each movable unit of the master arm 202 is transmitted
to the master control unit 401.

The master control unit 401 analyzes the output signal,
generates the driving command value 403 of each movable
unit of the slave arm 301 used to drive the slave manipulator
300 so as to correspond to the position and orientation of each
of the master grips 203L. and 203R, and then transmits the
driving command value 403 to the manipulator control unit
402.

The manipulator control unit 402 converts the transmitted
driving command value 403 into a driving signal of the slave
arm 301, and then transmits the converted driving signal to the
slave control unit 303. Thus, the driving of the slave arm 301
is controlled, and the position and orientation of the distal end
of the treatment tool 302 are controlled to correspond to the
position and orientation of each of the master grips 203L. and
203R.

On the other hand, the operator Op also manipulates the
manipulation handles 15 of the master grips 203L. and 203R
to change the opening and closing angle in parallel, as nec-
essary. The spring 3 is installed in each of the master grips
203L and 203R. Thus, when the manipulation handles 15 are
closed, the spring 3 is deformed and the elastic restoring force
is generated in proportion to the amount of deformation.
Therefore, the operator Op manipulating the manipulation
handles 15 feels the manipulation resistance in his or her
hands.

When the manipulation handles 15 are manipulated, the
output signal 4a of the encoder 4 of each of the master grips
203L and 203R is transmitted to the master control unit 401.
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The master control unit 401 generates the opening and
closing command value 403 A corresponding to the driving
signal of the opening and closing driving unit 313 which is a
movable unit opening and closing the opening and closing
unit 311 installed at the distal end of the treatment tool 302
based on the output signal 4a from each encoder 4 and trans-
mits the opening and closing command value 403A to the
slave control unit 303 together with the movable unit selec-
tion signal 404 corresponding to the opening and closing
driving unit 313. Thus, the driving of the opening and closing
driving unit 313 is controlled and the opening and closing
angle ofthe opening and closing unit 311 of the treatment tool
302 is controlled to correspond to the opening and closing
angle of the manipulation handles 14.

Therefore, the opening and closing unit 311 is able to grip
a grip object or cancel the gripping.

Thus, the operator Op performs a surgical operation by
remotely manipulating the slave manipulator 300 using the
master input section 200.

Next, an operation when the opening and closing opera-
tions of the opening and closing units 311 are not controlled
appropriately using the master grips 203L and 203R will be
described.

Since both the master grips 2031 and 203R are configured
by the master grip 1, a relation between the master grip 1 and
the opening and closing unit 311 will be described below.

To facilitate the description, a case in which the correspon-
dence relation is controlled such that the opening and closing
angle 6,, of the manipulation handles 15 is the same as the
opening and closing angle 0 of the opening and closing unit
311 will be described.

The output signal 4a of the encoder 4 and the output signal
314a of the encoder 314 represent the values of the opening
and closing angle. That is, the encoder outputs 6 of the encod-
ers 4 and 314 represent the opening and closing angles 6 of the
manipulation handles 15 and the opening and closing unit
311.

Various reasons why the opening and closing operations of
the opening and closing units 311 do not interlock with the
opening and closing operations of the master grip 1 are con-
sidered. However, when an operation deviated from the
manipulation input continues, exact opening and closing
operations are not performed and this operation affects a task
performed using the opening and closing unit 311. For this
reason, the master control unit 401 normally monitors the
opening and closing operations of the opening and closing
unit 311. When the opening and closing angle is deviated by
a value equal to or greater than the allowance value, the
master control unit 401 switches the mode to the interlock
stop mode in accordance with the control signal 405.

This status frequently occurs when a grip object is gripped.
For example, since the operator Op performs remote manipu-
lation, the operator Op has no sufficient information on the
size or hardness ofthe grip object. For example, when the grip
object is sufficiently hard but the manipulation handles 15 are
closed by the opening and closing angle less than an angle
corresponding to the size of the grip object, the opening and
closing unit 311 may notbe closed by the opening and closing
angle corresponding to the opening and closing command
value 403A. Thus, the opening and closing angle of the
manipulation handles 15 may be different from the opening
and closing angle of the opening and closing unit 311. Fur-
ther, when the grip object is deformed, but the resistance is
large and the closing speed is too fast, the opening and closing
unit 311 may not close to the opening and closing angle
corresponding to the opening and closing command value
403A.
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It is assumed that the manipulation handles 15 are closed
from the open state in which the manipulation handles 16 and
the opening and closing unit 311 are opened by an angle of 6,
(where 0,<0,,,) attime t, (hereinafter, a subscriptn of timeft,,
indicates a temporal sequence wherein a larger number sub-
script indicates a later time) and the opening and closing unit
311 grips a flexible grip object W (see FIG. 5A2) shown in
FIG. 5A2.

As shown in FIG. 4, the encoder output 6 of the encoders 4
and 314 gradually decreases from 6, over time, as in polygo-
nal lines 90 and 91. Here, since the manipulation handles 15
interlock with the opening and closing unit 311, the polygonal
lines 90 and 91 overlap each other.

Further, the change in the encoder output indicated by the
polygonal lines is merely an example. A manipulation input
indicating the change in an appropriate curve shape can be
performed by a manipulation method of the manipulation
handles 15.

As shown in FIG. 4, it is assumed that the opening and
closing unit 311 is not closed in response to a manipulation
input at time t; (6=0,, where 0,<0,) when the opening and
closing unit 311 grips the grip object W (see FIG. 5A1 and
FIG. 5A2).

In this case, after time t; when the polygonal lines 90 and
91 are branched at point a of FIG. 4, the encoder output 0 of
the encoder 4 decreases, as indicated by the polygonal line 90.
However, the encoder output 6 of the encoder 314 remains
“0=0,,” as indicated by the polygonal line 91 (see a heavy
dashed line in the drawing).

When the master control unit 401 detects that the opening
and closing angle is deviated by a value equal to or greater
than the allowance value immediately after time the master
control unit 401 transmits the control signal 405 to the
manipulator control unit 402 and switches the mode to the
interlock stop mode. Thus, even when the operator Op opens
or closes the manipulation handles 15, the opening and clos-
ing command value 403 A corresponding to the opening or
closing operation is not transmitted from the manipulator
control unit 402 to the slave control unit 303.

Therefore, the opening and closing driving unit 313 stops
at the opening and closing angle when entering the interlock
stop mode.

When the mode is switched to the interlock stop mode, the
master control unit 401 displays a warning display M1 (for
example, “Interlock problem has occurred”) indicating that
an interlock problem has occurred and a guidance display M2
(for example, “Please fully open grip”) explaining a counter-
measure method for the operator Op on a display screen 201a
of the display unit 201, as in FIG. 7A.

When the operator Op views the guidance display M2 and
opens the manipulation handles 15 from time t,, as in FIG. 4
(see FIG. 5B1), the encoder output 6 of the encoder 4 gradu-
ally increases from 0, (where 6,<0,) to 0,,,.

At this time, at time t5, the encoder output of the encoder 4
becomes 0, (see point ¢), and thus coincides with the encoder
output of the encoder 314.

In this case, since the position detection switch 6 does not
detect the manipulation handles 15 and the interlock permis-
sion mode signal 6« is not generated, the interlock permission
mode is not set. Further, the master control unit 401 detects
the change in the opening and closing angle of the manipu-
lation handles 15 in the opening direction from the change in
the output signal 4a.

Therefore, in this embodiment, the master control unit 401
does not switch the mode to the interlock mode. Even when
the encoder output of the encoder 4 increases, the opening and
closing unit 311 does not interlock and the encoder output of
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the encoder 314 remains “0=0,.” That is, the opening and
closing unit 311 is not opened through the manipulation input
of the manipulation handles 15 (see FIG. 5B2).

Attimet,, the operator Op opens the manipulation handles
15 up to the maximum opening and closing angle (see pointd
of FIG. 4). At this time, as shown in FIG. 5C1, one of the
manipulation handles 15 is located at the position detection
position of the position detection switch 6. Therefore, the
position detection switch 6 transmits the interlock permission
mode signal 6a to the master control unit 401. Thus, the
interlock permission mode starts.

As shown in FIG. 7B, the master control unit 401 enters the
interlock permission mode and informs the operator Op that
the interlock problem is resolved. Therefore, the master con-
trol unit 401 displays an information display M3 (for
example, “Interlock preparation”) and a guidance display M4
(for example, “Please close grip”) explaining the counter-
measure method for the operator Op on the display screen
201aq of the display unit 201.

Since the operator Op views the display message on the
display unit 201, as in FIG. 7B, and knows that the interlock
starts through the next manipulation, the operator Op can
prepare manipulation when the interlock starts.

The operator Op views the guidance display M4 and gradu-
ally closes the manipulation handles 156. Thus, the encoder
output 0 of the encoder 4 gradually decreases from 8,,, to 6.

At this time, at time t5, the encoder output of the encoder 4
is 0, (see point e), and thus coincides with the encoder output
of the encoder 314 (see FIG. 6A1 and FIG. 6A2).

In this case, since the interlock permission mode is set, the
master control unit 401 detects the change in the opening and
closing angle of the manipulation handles 15 in the closing
direction from the change in the output signal 4a.

Therefore, the master control unit 401 transmits the control
signal 405 to the manipulator control unit 402 and switches
the interlock stop mode to the interlock mode.

Further, as shown in FIG. 7C, the master control unit 401
enters the interlock mode and displays an information display
MS5 (for example, “Interlock OK”) and a detailed information
display M6 (for example, “Slave interlocks™) on the display
unit 201 to inform the operator Op that the interlock problem
is resolved.

Thus, after the interlock with the opening and closing unit
311 restarts, the opening and closing angle of the opening and
closing unit 311 is changed together with the opening and
closing angle of the manipulation handles 14.

Thus, the operator Op can continue manipulation sched-
uled to be performed from time t,, for example, the operator
Op can continue manipulation to close the manipulation
handles and further grip the grip object W (see FIG. 6B1 and
FIG. 6B2 and a straight line ef in FIG. 4).

Further, the operator Op can open the manipulation
handles 15 to cancel gripping the grip object W, as necessary
(see FIG. 6C1 and FIG. 6C2). In this case, since the operator
Op understands that the interlock restarts and then opens the
manipulation handles 15, the operator Op can react accord-
ingly by adjusting the opening speed without a sudden drop of
the grip object W or moving the master grip 1 and manipu-
lating the master arm 202, for example, to move the opening
and closing unit 311 to a position at which the cancellation of
the gripping is suitable and perform cancelling of the grip-
ping.

Thus, since the master-slave manipulator 500 includes the
position detection switch 6 as the interlock permission input
unit which the operator Op can manipulate, it is possible to
prevent the interlock operation from being performed at an
unexpected timing. Therefore, when an operation of the open-
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ing and closing unit 311 is deviated from an operation corre-
sponding to a manipulation input of the master grip 1, work-
ability of the opening and closing unit 311 can be improved.
[First Modified Example]

Next, a first modified example of the embodiment will be
described.

FIG. 8 is a schematic sectional view illustrating a master
manipulation unit of a manipulator system according to the
first modified example of the embodiment of the present
invention.

The master grip 1 according the above-described embodi-
ment has the configuration in which the position detection
switch 6 detects the positions of the manipulation handles 15
and the interlock permission mode signal 6a is generated.
However, a master grip 10 (master manipulation unit) accord-
ing to the first modified example in FIG. 8 detects a position
of'a member (a moving shaft 13a to be described below) that
linearly moves in interlock with manipulation handles 15. In
the first modified example, a grip unit 1la has a position
detection switch 6 therein.

The master grip 10 according to the first modified example
can be used as the master grips 2031 and 203R of the master-
slave manipulator 500, as in the master grip 1 according to the
above-described embodiment.

Hereinafter, differences between the first modified
example and the above-described embodiment will mainly be
described.

The master grip 10 according to the first modified example
includes rotation shafts 10c¢, an actuator 13, and an encoder 14
(master angle detection unit) instead of the rotation shaft 1c,
the spring 3, and the encoder 4 of the master grip 1 according
to the above-described embodiment.

The rotation shaft 10c rotatably holds the end of the
manipulation handle 16 instead of the rotation shaft 1c
according to the above-described embodiment. The rotation
shafts 10¢ are disposed on either side of an opening and
closing central axial line O, inside the grip unit 1a at sym-
metrical positions with respect to the opening and closing
central axial line O, . The rotation shafts 10¢ hold the ends of
the manipulation handles 15 at the two positions.

The actuator 13 is configured to open and close the manipu-
lation handles 15 symmetrically with respect to the opening
and closing central axial line O, and generate manipulation
resistance as the manipulation handles 15 are manipulated.

The actuator 13 includes the moving shaft 13a that linearly
moves along the opening and closing central axial line O, and
aresistance generation unit 136 that movably holds a first end
of the moving shaft 13a and generates a resistant force in a
direction opposite to the movement direction.

A second end of the moving shaft 13« is held to be linearly
moved by a slide guide 104 that is installed inside on the
proximal end side (the side closer to the grip unit 1a) of a
casing unit 14.

A distal end 13c¢ at the second end of the moving shaft 13a
protrudes to be suitable to the proximal end side of the casing
unit 14 from a slide guide 10d.

Links 10e that transmit rotation movement of the manipu-
lation handles 15 about the rotation shafts 10¢ to the moving
shaft 13¢ and linearly move the moving shaft 134 are con-
nected between the middle portion of the moving shaft 13«
and the manipulation handles 15, respectively. Thus, since the
opening and closing angle ofthe manipulation handles 15 and
the amount of movement of the moving shaft 13¢ have a
one-to-one relation, the opening and closing angle of the
manipulation handles 156 can be detected from the amount of
movement of the moving shaft 13a.
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In the grip unit 1a, a holding plate 10a on which a position
detection switch 6 is disposed is provided at a position more
distant than the movement range of the distal end 13c¢ to the
front side of the distal end 13¢ of the moving shaft 13a.

The position detection switch 6 on the holding plate 10a is
disposed at a position at which the position detection switch
6 can detect the position of the distal end 13¢ of the moving
shaft 134 and determine whether the distal end 13¢ reaches
the position corresponding to the maximum opening and
closing angle of the manipulation handles 14.

The resistance generation unit 134 includes an elastic
member resisting the movement of the moving shaft 13a,
such as an air spring or a spring member such as a spring. The
resistance generation unit 135 is fixed to the internal unit on
the distal end (opposite side to the grip unit 1a) of the casing
unit 14.

The encoder 14 detects the amount of movement of the
moving shaft 13a of the actuator 13 and transmits an output
signal 14a corresponding to the detected value to the master
control unit 401. The encoder 14 is electrically connected to
the master control unit 401 via a wiring (not shown).

The output signal 14« transmitted to the master control unit
401 is converted into an opening and closing angle of the
manipulation handles 15 with reference to a conversion table
or the like stored in advance in the master control unit 401.

In the master grip 10 according to the first modified
example, when the operator Op performs manipulation to
open the manipulation handles 15 at the maximum opening
and closing angle, the position detection switch 6 can transmit
the interlock permission mode signal 64 to the master control
unit 401, as in the master grip 1 according to the above-
described embodiment.

Accordingly, it is possible to prevent the interlock opera-
tion from being performed at an unexpected timing, as in the
above-described embodiment. Therefore, when an operation
of the opening and closing unit 311 is deviated from an
operation corresponding to a manipulation input of the master
grip 10, workability of the opening and closing unit 311 can
be improved.

[Second Modified Example]

Next, a second modified example of the embodiment will
be described.

FIG. 9 is a schematic diagram illustrating main units of a
manipulator system according to the second modified
example of the embodiment of the present invention.

As shown in FIG. 9, a master-slave manipulator 501 (ma-
nipulator system) according to the second modified example
includes a master grip 20 instead of the master grip 1 of the
master-slave manipulator 500 according to the above-de-
scribed embodiment and further includes an input switch 26
(interlock permission input unit).

Hereinafter, differences between the second modified
example and the above-described embodiment will mainly be
described.

The master grip 20 according to the second modified
example does not include the holding arm member 5 and the
position detection switch 6 of the master grip 1 according to
the above-described embodiment.

The input switch 26 is separated from the master grip 20.
When the operator Op manipulates the input switch 26 at an
appropriate timing, the input switch 26 generates an interlock
permission mode signal 264 used to enter the interlock per-
mission mode and transmits the interlock permission mode
signal 26a to the master control unit 401.

Therefore, the input switch 26 is electrically connected to
the master control unit 401.
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The configuration of the input switch 26 is not particularly
limited, as long as the input switch 26 is an input switch that
the operator Op can manipulate. For example, a button switch
which the operator Op can manipulate with his or her hand or
afootswitch which the operator Op can manipulate with his or
her foot can be used appropriately.

In the master-slave manipulator 501 according to the sec-
ond modified example, the interlock permission mode signal
26a can be generated at an appropriate timing through
manipulation of the operator Op. Therefore, when the master
control unit 401 detects an interlock problem, the interlock
mode is switched to the interlock stop mode, as in the above-
described embodiment. In the master-slave manipulator 501,
for example, a message “Please manipulate the input switch
when you are ready to restart interlocking” is displayed to
prompt the operator Op to manipulate the input switch 26,
instead of the guidance display M2 in FIG. 7A.

Thus, when the operator Op views the guidance display
such as the warning display M1, the operator Op can under-
stand that an interlock problem has occurred. Therefore, the
operator Op can prepare to restart the interlocking, and then
manipulate the input switch 26 to enter the interlock permis-
sion mode.

When entering the interlock permission mode, the master
control unit 401 displays substantially the same screen dis-
play as the screen display of FIG. 7B. For example, a message
“Please open and slowly close the grip when a problem
occurs” is displayed as the guidance display M4.

Thus, the operator Op can open the manipulation handles
15 by an angle slightly less than the encoder output 6, in FIG.
4 and manipulate the manipulation handles 15 to close the
manipulation handles 15 from an appropriate opening and
closing angle over point c. When the encoder output of the
output signal 4a in the closing direction coincides with 0,, as
in the above-described embodiment, the master control unit
401 switches the interlock stop mode to the interlock mode to
restart the interlocking.

Thus, in the second modified example, the operator Op can
restore the interlocking swiftly without opening the opening
and closing angle of the manipulation handles 15 up to the
maximum opening and closing angle.

Since the interlocking can restart merely by slightly open-
ing the manipulation grip from the opening and closing angle
in the occurrence of an interlocking problem and closing the
manipulation grip, the interlocking can restart from substan-
tially the same manipulation state as that in the occurrence of
the interlocking problem. Therefore, a task can continue
smoothly using the opening and closing unit 311.

In particular, when the footswitch is used as the input
switch 26, the operator Op can manipulate the input switch 26
without completely removing his or her hand from the master
grip 20. Accordingly, the task can continue smoothly.
[Third Modified Example]

Next, a third modified example of the embodiment will be
described.

FIG. 10 is a schematic sectional view illustrating main
units of a manipulator system according to the third modified
example of the embodiment of the present invention.

As shown in FIG. 10, a master-slave manipulator 502 (ma-
nipulator system) according to this modified example
includes a master grip 30 instead of the master grip 1 of the
master-slave manipulator 500 according to the above-de-
scribed embodiment.

Hereinafter, differences between the third modified
example and the above-described embodiment will mainly be
described.
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The master grip 30 according to the third modified example
does not include the holding arm member 5 and the position
detection switch 6 of the master grip 1 according to the
above-described embodiment. Further, an input switch 36
(interlock permission input unit) is disposed on the surface of
the casing unit 1d. That is, the master grip 30 has a configu-
ration in which the input switch 36 is added to the master grip
20 according to the above-described second modified
example.

When the operator Op manipulates the input switch 36 at
an appropriate timing, the master grip enters the interlock
permission mode. Therefore, the input switch 36 generates
the same interlock permission mode signal 26a as that of the
second modified example and transmits the interlock permis-
sion mode signal 26a to the master control unit 401 (not
shown in FIG. 10). Therefore, the input switch 36 is electri-
cally connected to the master control unit 401.

The input switch 36 may be disposed at any position of the
surface of the casing unit 14 at which the operator Op can
manipulate the input switch 36. In the third modified
example, the input switch 36 is preferably disposed at a posi-
tion at which the operator Op can manipulate the input switch
36 with some of his or her fingers while gripping the grip unit
1a to perform a manipulation input.

For example, as shown in FIG. 10, the input switch 36 can
be disposed on an upper surface 1e of the casing unit 14 on the
upper side when the operator Op grips the grip unit 1a. In this
case, for example, the operator Op can manipulate the input
switch 36 by moving his or her forefinger upward. At this
time, the operator Op can manipulate the other manipulation
handle 15 with his or her thumb and hold the opening and
closing angle of the manipulation handle 15 at the opening
and closing angle in the occurrence of the interlock problem,
even after removing his or her forefinger.

The configuration of the input switch 36 is not particularly
limited, as long as the input switch 36 is an input switch that
the operator OP can manipulate. For example, a button switch
that the operator Op can manipulate with his or her hand can
be used appropriately.

In the master-slave manipulator 502 according to the third
modified example, the operator Op can restore the interlock-
ing swiftly without opening the opening and closing angle of
the manipulation handles 15 up to the maximum opening and
closing angle, as in the master-slave manipulator 501 accord-
ing to the second modified example. Accordingly, since the
interlocking can restart from substantially the same manipu-
lation state as the state in the occurrence of the interlocking
problem, a task can continue smoothly using the opening and
closing unit 311.

In particular, the input switch 36 is disposed on the surface
of the casing unit 1d. Therefore, even when the operator Op
grips the grip unit 1a, the operator Op can easily manipulate
the input switch 36. Accordingly, the task can continue
smoothly.

[Fourth Modified Example]

Next, a fourth modified example of the embodiment will be
described.

FIG. 11 is a schematic sectional view illustrating a master
manipulation unit of a manipulator system according to the
fourth modified example of the embodiment of the present
invention.

As shown in FIG. 11, a master grip 40 according to the
fourth modified example excludes the position detection
switch 6 from the master grip 10 according to the first modi-
fied example. Further, the input switch 36 according to the
third modified example is disposed on a side surface if of the
casing unit 1d.
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As in the master grip 1 according to the above-described
embodiment, the master grip 40 according to the fourth modi-
fied example can be used as the master grips 2031 and 203R
of the master-slave manipulator 500.

Hereinafter, differences between the fourth modified
example, and the above-described embodiment and the first
modified example will mainly be described.

In the fourth modified example, the input switch 36 is
disposed at a position on the side surface 1f on which the
manipulation handle 15 which the operator Op manipulates
with his or her forefinger is disposed when the operator Op
grips the grip unit 1a and at a position on the side of the distal
end of the casing unit 1d more than the distal end of the
manipulation handle 15.

Therefore, the operator Op can manipulate the input switch
36 by moving his or her forefinger to the distal end of the
casing unit 1d. At this time, even in the fourth modified
example, the operator Op can manipulate the other manipu-
lation handle 156 with his or her thumb. The operator Op can
hold the opening and closing angle of the manipulation
handle 15 at the opening and closing angle when an interlock
problem occurs, even after removing his or her forefinger.

In the master grip 40 according to the fourth modified
example, the operator Op can restore the interlocking swiftly
without opening the opening and closing angle of the manipu-
lation handles 15 up to the maximum opening and closing
angle, and thus start the interlocking from substantially the
same manipulation state as that in the occurrence of an inter-
lock problem. Accordingly, as in the third modified example,
a task can continue smoothly using the opening and closing
unit 311.

In the embodiment and the modified examples described
above, the cases in which the master manipulator unit per-
forms the opening and closing manipulations of the slave
motion unit have been described. However, the manipulation
input of the master manipulation unit is not limited to the
opening and closing manipulation. For example, when the
slave motion unit linearly moves and grips an object, a
manipulation input of the linear movement may be per-
formed.

In the embodiment and the modified examples described
above, the cases in which the opening and closing are per-
formed bilaterally symmetrically with respect to the opening
and closing central axial line when the master manipulation
unit performs the opening and closing manipulations of the
slave motion unit have been described. However, the opening
and closing may be performed asymmetrically with respect to
an appropriate axial line. Further, one of a pair of manipula-
tion members or one of a pair of treatment tool pieces may be
moved to the other thereof so that the opening and closing are
performed.

In the embodiment and the modified examples described
above, the cases in which the interlock control unit interlocks
the slave motion unit with an operation corresponding to the
manipulation input when the interlock control unit receives
the interlock permission mode signal, and then the detection
value of the opening and closing angle of the manipulation
member corresponds to the detection value of the opening and
closing angle of the opening and closing motion unit and the
detection value of the opening and closing angle of the
manipulation member is changed in the closing direction of
the manipulation member have been described.

In this configuration, when the interlocking restarts, the
manipulation member is moved in the closing direction.
Therefore, a grip object is not dropped erroneously.

The interlock permission mode is started by the interlock
permission mode signal generated by the interlock permis-
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sion input unit through the manipulation of the operator Op.
Therefore, since the operator Op expects the restart timing of
the interlocking, the operator Op can prepare to perform a
manipulation input for the interlock restart. Accordingly,
even when the opening and closing unit 311 is gradually
opened after the interlock start, the probability that a grip
object is erroneously dropped is considerably low compared
to a case in which the interlocking is not expected and the
interlock restart is not prepared for.

Accordingly, the interlock control unit is capable of inter-
locking the slave motion unit with an operation correspond-
ing to the manipulation input when the interlock control unit
receives the interlock permission mode signal, and then the
detection value of the opening and closing angle of the
manipulation member corresponds to the detection value of
the opening and closing angle of the opening and closing
motion unit and the detection value of the opening and closing
angle of the manipulation member is changed in the opening
direction of the manipulation member.

In this case, since the opening and closing unit 311 is
moved in the opening direction immediately after the inter-
lock restart, no pressure force is applied to a grip object.
Accordingly, it is possible to prevent the grip object from
being deformed.

Further, the interlock control unit is capable of interlocking
the slave motion unit with an operation corresponding to the
manipulation input after the interlock control unit receives the
interlock permission mode signal, when the detection value
of'the opening and closing angle of the manipulation member
corresponds to the detection value of the opening and closing
angle of the opening and closing motion unit, as well as the
detection value of the opening and closing angle of the
manipulation member is changed in the opening or closing
direction of the manipulation member. Furthermore, the
interlock control unit is capable of selecting between the
interlock of the case in which the detection value is changed
in the opening direction and the interlock of the case in which
the detection value is changed in the closing direction.

In this case, immediately before the operator Op starts a
task, the operator Op can select an interlock start condition in
the opening direction of the manipulation member or the
closing direction of the manipulation member in accordance
with a kind or characteristics of the grip object. Therefore,
since the interlocking can be restarted in accordance with the
kind or characteristics of the grip object, workability can be
improved even when an interlock problem occurs.

In the embodiment and the modified examples described
above, the cases in which the master control unit 401 displays
a message on the display unit 201 to notify the operator Op of
occurrence of an interlock problem, the switching to the
interlock permission mode, the interlock restart, and the like
have been described. However, the operator Op may be noti-
fied through sound or voice.

In the embodiment and the modified examples described
above, the cases in which the manipulation member is not
opened to the maximum opening and closing angle when the
spring 3 is in the natural state, and the position detection
switch 6 is pressed when the spring 3 is extended further from
the natural state have been described. However, the present
invention is not limited to the spring 3 installed in this way.

For example, when the spring 3 is in the natural state, the
manipulation member may be opened to the maximum open-
ing and closing angle and the position detection switch 6 may
be pressed.

The configurations shown in FIGS. 12A and 12B may be
realized. FIGS. 12A and 12B are schematic diagrams illus-
trating the configuration of a master manipulation unit
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according to a modified example (a fifth modified example)
applicable to the embodiment and the modified examples
described above.

A master grip 1A (master manipulation unit) according to
this modified example (the fifth modified example) includes a
spring 3 A instead of the spring 3 of the master grip 1 accord-
ing to the above-described embodiment. A first end portion
(the right side of the drawing) of the spring 3 A is fixed to the
inside of the manipulation handle 15 in a first direction (the
right side of the drawing) and a second end portion (the left
side of the drawing) of the spring 3A faces the manipulation
handle 15 in a second direction to come into contact with and
be separated from the manipulation handle 14.

Thus, when the manipulation handles 15 are closed up to an
opening and closing angle corresponding to a value equal to
or less than the length of the spring 3A in the natural state, as
in FIG. 12B, the elastic restoring force of the spring 3A is
generated and the manipulation resistance thus occurs. Fur-
ther, when the manipulation handles 15 are opened up to an
opening and closing angle corresponding to a value equal to
or greater than the length of the spring 3A in the natural state,
as in FIG. 12A, the manipulation resistance generated by the
spring 3A does not occur.

In this configuration, no manipulation resistance occurs
when the position detection switch 6 is pressed. Therefore,
the position detection switch 6 can be pressed swiftly by a
small force.

All of the constituent elements described in the embodi-
ment and the modifications may be appropriately combined
or deleted.

While preferred embodiments of the invention have been
described and illustrated above, it should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. Additions, omissions, substitutions, and
other modifications can be made without departing from the
scope of the present invention. Accordingly, the invention is
not to be considered as being limited by the foregoing
description, and is only limited by the scope of the appended
claims.

What is claimed is:

1. A manipulator system comprising:

a master manipulation unit with which an operator per-

forms a manipulation input;

a slave motion unit that is configured to operate in accor-

dance with the manipulation input;

an interlock control unit that analyzes the manipulation

input and performs control to operate the slave motion
unit, interlocking with the manipulation input; and
an interlock permission input unit that is configured to be
manipulated by the operator and transmits, to the inter-
lock control unit, an interlock permission mode signal
used to enter a mode in which interlock of the slave
motion unitis permitted based on the manipulation input
of the mater manipulation unit when the operator
manipulates the interlock permission input unit,

wherein the interlock control unit stops the interlock con-
trol when the operation of the slave motion unit is devi-
ated from an operation corresponding to the manipula-
tion input, and monitors the manipulation input of the
master manipulation unit and an operation state of the
slave motion unit, and

the interlock control unit interlocks the operation of the

slave motion unit with the operation corresponding to
the manipulation input after the interlock control unit
receives the interlock permission mode signal, when the
interlock control unit detects that the manipulation input
matches the operation state.
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2. The manipulator system according to claim 1,

wherein the master manipulation unit includes:

a manipulation member that is provided to be opened and

closed in order to perform the manipulation input; and

a master angle detection unit that detects an opening and

closing angle of the manipulation member and transmits
a detection value of the opening and closing angle of the
manipulation member to the interlock control unit,

the slave motion unit includes:

an opening and closing motion unit that is provided to be

opened and closed; and

a slave angle detection unit that detects an opening and

closing angle of the opening and closing motion unit and
transmits a detection value of the opening and closing
angle of the opening and closing motion unit to the
interlock control unit, and

the interlock control unit interlocks the slave motion unit

with an operation corresponding to the manipulation
input after the interlock control unit receives the inter-
lock permission mode signal, when the detection value
of the opening and closing angle of the manipulation
member corresponds to the detection value of the open-
ing and closing angle of the opening and closing motion
unit, as well as when the detection value of the opening
and closing angle of the manipulation member is
changed in a closing direction of the manipulation mem-
ber.

3. The manipulation system according to claim 1, further
comprising:

an information display unit that displays information trans-

mitted from the interlock control unit,

wherein the interlock control unit that displays restart of

interlock with the information display unit after the
interlock control unit receives the interlock permission
mode signal, when the interlock control unit detects that
the slave motion unit interlocks with the operation cor-
responding to the manipulation input.

4. The manipulator system according to claim 2, wherein
the interlock permission input unit is configured by a position
detection switch that detects that the manipulation member is
moved to a maximum opening position and generates the
interlock permission mode signal.

5. The manipulator system according to claim 2, wherein
the interlock permission input unit is configured by an input
switch provided on a surface of the master manipulation unit.

6. The manipulator system according to claim 2, wherein
the interlock permission input unit is configured by an input
switch that is provided separately from the master manipula-
tion unit.

7. The manipulator system according to claim 6, wherein
the input switch is configured by a footswitch.

8. The manipulator system according to claim 1,

wherein the master manipulation unit includes:

a manipulation member that is provided to be opened and

closed in order to perform the manipulation input; and
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a master angle detection unit that detects an opening and
closing angle of the manipulation member and transmits
a detection value of the opening and closing angle of'the
manipulation member to the interlock control unit,

the slave motion unit includes:

an opening and closing motion unit that is provided to be
opened and closed; and

a slave angle detection unit that detects an opening and
closing angle of the opening and closing motion unit and
transmits a detection value of the opening and closing
angle of the opening and closing motion unit to the
interlock control unit, and

the interlock control unit interlocks the slave motion unit
with an operation corresponding to the manipulation
input after the interlock control unit receives the inter-
lock permission mode signal, when the detection value
of the opening and closing angle of the manipulation
member corresponds to the detection value of the open-
ing and closing angle of the opening and closing motion
unit, as well as when the detection value of the opening
and closing angle of the manipulation member is
changed in an opening direction of the manipulation
member.

9. The manipulator system according to claim 1,

wherein the master manipulation unit includes:

a manipulation member that is provided to be opened and
closed in order to perform the manipulation input; and

a master angle detection unit that detects an opening and
closing angle of the manipulation member and transmits
a detection value of the opening and closing angle of'the
manipulation member to the interlock control unit,

the slave motion unit includes:

an opening and closing motion unit that is provided to be
opened and closed; and

a slave angle detection unit that detects an opening and
closing angle of the opening and closing motion unit and
transmits a detection value of the opening and closing
angle of the opening and closing motion unit to the
interlock control unit, and

the interlock control unit is configured to interlock the
slave motion unit with an operation corresponding to the
manipulation input after the interlock control unit
receives the interlock permission mode signal, when the
detection value of the opening and closing angle of the
manipulation member corresponds to the detection
value of the opening and closing angle of the opening
and closing motion unit, as well as when the detection
value of the opening and closing angle of the manipula-
tion member is changed in an opening or closing direc-
tion of the manipulation member, and the interlock con-
trol unit is configured to select between the interlock of
the case in which the detection value is changed in the
opening direction and the interlock of the case in which
the detection value is changed in the closing direction.
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